Abstract. Ultra dense network is envisioned as a promising solution to meet the exponential growth of mobile data traffic. However, with the increasing density of small cells, the strength of inter-cell interference increases as well, which generates negative influence on the network performance. Since access networks are designed to support peak load, the utilization of base station can be inefficient most of the time which will result in a huge waste of energy. In this paper, we combine the base station sleeping with interference mitigation to address these issues. In our algorithm, we take advantage of the characteristic that the data traffic can tolerate a certain delay to mitigate interference. Therefore, base stations can be in sleep mode for a longer time while guaranteeing users' minimal average transmission rate requirements. We also adopt the base station clustering to reduce the computational complexity of the proposed algorithm. The simulation results show that our proposed scheme can greatly reduce the energy consumption.
Introduction
The explosive popularity of smart mobile device has ignited a tremendous growth demand for data traffic. To improve the network capacity, one promising approach is increasing the density of small cells. By deploying more small cells, spatial reuse can be improved and more uniform coverage can be provided [1] . Cellular networks are designed to support peak time traffic, the utilization of base stations can be inefficient during off-peak time since the traffic is time varying. And base stations consume the largest proportion of energy in mobile cellular network [2] . Therefore, it will cause a huge waste of energy as the number of base stations increases. Since all cells use the same frequency band, inter-cell interference (ICI) will significantly affect spectral efficiency as the density of base stations increases. Therefore, the interference between small cells becomes a non-neglected issue in ultra dense network.
The total power consumption of base station consists of both the circuit and traffic dependent part. The base station consumes a lot of energy even if the traffic load is light [3] . Therefore, sleeping the underutilized base station is recognized as a promising approach to reduce energy consumption while guaranteeing users' minimal service requirements. In [4] , the state of base station is determined by the traffic load. If the traffic load is less than threshold, the base station will be switched off. When a base station is turned off, its users are served by the remaining active base stations. To guarantee the coverage, the remaining active base stations should increase their transmission power to increase the propagation distance [5] . It will cause additional energy consumption. Data applications can tolerate a certain delay. Therefore, [6] take advantage of the tolerable delay of data traffic to reduce the energy consumption. Instead of being served by the remaining active base station, the users can wait for a tolerable delay until the base stations which can provide good service for them are activated. As the network gets denser, inter-cell interference coordination becomes more and more important. In [7] , the dynamic coordinated muting is applied to improve the energy efficiency of the network. The author applies the greedy search algorithm to determine the muting pattern of base stations which can effectively reduce the inter-cell interference. However, the base stations in muting mode still consume a lot of energy which limits the energy saving to a certain extent.
In this paper, we study the energy saving problem in ultra dense network. The objective is to minimize the energy consumption while guaranteeing users' average transmission rate requirements.
The users' quality of service (QoS) can be guaranteed as long as the minimal service requirements can be finished in the tolerable delay. Our proposed algorithm combines the base station sleeping with the interference mitigation. We divide the tolerable delay into several sub-periods. At every sub-period, the on/off state of base station can be determined according to the interference between base stations and traffic load. The energy efficiency at every sub-period can be enhanced by careful selecting the sleeping base stations. Therefore, the base stations can be in sleep mode for a longer time while guaranteeing users' QoS.
The remainder of this paper is organized as follows. Section II describes the system model and formulates the energy saving problem. In Section III, we propose our dynamic base station sleeping algorithm. Section IV presents simulation results and analysis. Conclusions are drawn in Section V.
System Model and Problem Formulation System Model
This paper considers an ultra dense cellular network which consists of macros and picos. The picos are deployed in macro's coverage area and share the same spectrum. For a pico user, it suffers strong cross-tier interference from the macros as well as co-tier interference from the surrounding picos. Thus, the interference problem becomes extremely complicated and the interference strength will become extremely fierce when deploying more picos. The macros are always in active mode to guarantee the coverage of network. And signaling messages and real time traffic are transmitted by the macros.
In our system model, there is one macro which consists of three sectors. The sectors are denoted as 2) It will be the main metrics for user to select the serving base station. In our system model, there are two things worth noting. The first one is each user can only be connected to one serving base station. The second one is each pico can only be occupied by one user at any given sub-frame. Then the signal to interference plus noise ratio (SINR) of user i at sub-frame t can be represented as follows:
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(1 ) N is the noise power spectral density. The base station power consumption model proposed in [8] is adopted. It can be denoted as
Where 0 P and t P are the circuit dissipation and output power, respectively. The efficiency factor of power amplifier is denoted as  . The power consumption in sleep mode is SL P which is much less than 0 P .
Problem Formulation
Our target is to minimize the total energy consumption while guaranteeing users' minimal service requirements. Therefore, the energy saving problem can be formulated as follows:
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2 , 1 log (1 ) A . The total number of sub-frame for each pico is T . The duration of sub-frame is denoted as t  . And let B be the system bandwidth.
Proposed Algorithm
It is indicated in [9] that the optimization problem is difficult to solve, because it is a non-linear binary combinatorial optimization problem. To reduce the complexity of computation and implementation, we propose a dynamic base station sleeping algorithm to solve this optimization problem. We divide this period into several sub-periods. At every subperiod, the on/off state of base stations is determined according to the inter-cell interference and traffic. The objective is to achieve a higher improvement of SINR while guaranteeing users' QoS. Therefore, the number of sub-frame in active mode can be reduced. Our algorithm consists of two parts. Firstly, we divide the picos into several clusters according to their locations. Secondly, we take advantage of interference relationship between base stations to determine the sleep pattern.
Base Station Clustering Algorithm
The closer the distance between base stations, the greater the interference between them. In other words, if a base station is far away from another, they will have small effect on each other. Therefore, we classify the base stations in proximity of distance into a cluster. For a cluster, first of all, we select a base station and put it into the cluster. Then find the adjacent base stations of this base station and put them into the cluster too. For the newly joined base stations, repeat this process until there is no new base station to join the cluster. to traverse all the clusters. The proposed base station clustering algorithm works as follows:
Dynamic Base Station Sleeping Algorithm
Data traffic can tolerate a certain time delay. Therefore, we can take advantage of this characteristic to mitigate the inter-cell interference. In this way, the base stations can stay sleep mode for a longer time while guaranteeing the minimal service requirements.
In our algorithm, we assume the maximum tolerable delay is Tt  . It means the quality of service can be guaranteed as long as the minimal service requirements can be finished in this period. We divide this period into several sub-periods.
At the beginning of every sub-period, we apply our algorithm to determine the on/off state of base stations. As mentioned, the picos are divided into several clusters. According to the number of picos in cluster, the clusters can be divided into two categories. If the number is larger than the threshold we set, we take advantage of Dominated Interference Ratio (DIR) based algorithm to determine the state of base stations in the cluster. If the number is less than the threshold, the best sleep pattern in the cluster can be further determined by exhaustion algorithm. It's a tradeoff between energy and complexity. The DIR is defined as follows: 
Simulation Results and Analysis
System level simulation is used for evaluating the performance of our algorithm. The performance of our proposed algorithm can be influenced by traffic load and tolerable delay. Therefore we study the energy consumption of the system as the load and tolerable delay varies. We compare our scheme with existing schemes: No-Sleep scheme, Traditional-Sleep scheme and Greedy Scheme. Figure 1 shows the variation trend of total energy consumption with the number of users increase. With the increasing of traffic load, the total energy consumption will increase. The consumption of pico in sleep state is less than idle state. Therefore, when the traffic load is light, the total energy consumption can be greatly reduced by sleep scheme. When the traffic load is light, the transmission time of base station can be more flexible in Greedy scheme compared with our scheme. Therefore, the Greedy scheme can achieve a better performance in energy saving. But with the increasing of traffic load, the flexibility of base station transmission will suffer from more constraints in Greedy scheme. In our scheme, the sleep pattern is determined according to the DIR of base station. Therefore, the traffic load has less effect on the determination of sleep pattern in our scheme compared with Greedy scheme. When the strongest interference of base station which has high DIR is eliminated, the transmission performance can be greatly improved. Therefore, our scheme is better than Greedy scheme in energy saving.
In Figure 2 , we show the average energy consumption per user. The energy consumption of a base station is composed of fixed and traffic dependent parts. The fixed energy consumption accounts for a larger part of the total energy consumption when the traffic load is light. Therefore, although the interference among the base station is low, the average energy consumption per user is higher. And with the number of users increase, the utilization rate of base stations becomes large. Then the average energy consumption per user is reduced. Figure 3 shows the relationship between energy consumption and tolerable delay. As mentioned above, the tolerable delay can be divided into several sub-periods. And the number of sub-periods increases with the increase of tolerable delay. With the number of sub-periods increase, the on/off state of base station can be determined more flexible. And the inter-cell interference can be better mitigated. Just as the simulation result shows, the energy consumption decreases with the increase of tolerable delay. However, the larger the time delay, the greater the response time. And the user's quality of experience (QoE) becomes worse. To guarantee the quality of experience, the tolerable delay should be set properly. It's a tradeoff between energy saving and QoE.
Conclusion
In this paper, we proposed a dynamic base station sleeping algorithm. The proposed algorithm takes advantage of characteristic that the data traffic can tolerate a certain delay to adjust the transmission time of base stations. Therefore, the inter-cell interference can be effectively mitigated. And the base stations can be in sleep mode for a longer time while guaranteeing users' minimal service requirements. Compared with other algorithms, the proposed scheme can greatly improve the performance in energy saving. What's more, this paper also studies the relationship between energy consumption and tolerable delay. The simulation result shows the energy consumption can be reduced by increasing the tolerable delay in our scheme.
